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INTRODUCTION 
I. PURPOS E 
The purpose of' this study wa s to make an i n itial ex-
p loration into the compara tive merits of' the Structural 
Arithmet ic Program devised by Dr. catherine Stern, and a 
more co n v entional program of' instruction. Th is wa s an ex-
perimental venture which did not seek profound conclusions 
and educational i mplica tions, and which will not presume to 
find more t han trends and i n dica tions from the interpreta-
tion of the da ta presented herein. It is hoped tha t this 
study will encourage othe rs who a re i n ter e sted in probing 
f'urther into this n ewly opened area of' investigation. 
II. SOURCE 
The writer first became interested in this problem 
wh en S tructural Arithmetic mat erials were provided for h er 
second g r ade class in a new school. Thes e were new tech-
niques and mate rials to be explored, and the work which en-
sued with c h ildren who were fascinated and thrill ed with 
r: 
I 
I 
I 
their discoveries, stirre d the writer 1 s inte llectual curios- i 
ity. However, when information was sought, questions about I 
this rela tive ly recent approach to the t eaching of' numbers 
II 
II 
II 
===-----== 
remained unanswered, for no research had been done to deterJ 
I 
I: mine the effectiveness of the program. 
II 
L III. JUSTIFICA'riON 
i 
I 
I 
I 
I 
I 
'I 
I. 
1: 
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I 
I 
The fact that this is a relatively new approach to 
teaching arithmetic should clearly justify a study of this 
nature. Any new method in education must be subjected to 
close scrutiny and careful investigation before its worth 
can be justly determined. If this program of instruction 
is to be considered for use in a school, the educators in-
volved understandably need information concerning its 
strengths and weaknesses. They ne ed to be able to compare 
the program realistica lly with other available courses of 
study. If teachers are to be helped in their search for 
better ways of teaching arithmetic, each new contribution 
must be examined and eva luated in the light of what is al-
ready known. We know a great deal about numbers today; we 
need to know more about how to teach numbers so that little 1: 
'! 
children will understand concepts and develop necessary _ 
skills. 
catherine Stern has said that children discover 
arithmetic only if e quipped with the proper tools. 
,. 
il A large 
variety of material is preff ered for use as helpful tools 
in learning arithmetic concepts. Are the Structural Arith-
t . t . l d i d f i t b d . i. me lc ma erla s, es gne or exper men s ase on measurlng, 
_ __, ___ _ 
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more effective than mat eria ls based on grouping and count-
ing'? Is the laboratory technique Catherine Stern e mploys a 11 
g ood technique for insuring that meanings are understood? 
Do children become dependent on the concrete materials? Do 
children l earn to respond quickly to number facts, as well 
•I 
a s ga in understanding? These are some of the questions that 11 
must be answered. Only r esearch will discov er the answers. 11 
I, 
It is earnest ly hoped t hat this study will be a helpful con- I 
tribution to further investiga tion. 
IV. SCOPE AND LIMITATIONS 
As the logical setting for the beginning of such an 
inquiry, the writer c hos e two cla sses of second graders fro m! ;I 
her own school. This group of 48 children used the Struc- 1 
tura l Arithmetic materials and me thod exclusively for the 1: 
entire year. These children were compared with two second li 
grade classes at another building in the same school s ys tem 
w·hich followed a more conventional year's program, using no 
S tructural Arithmet ic materials or comparable devices. The 
•, 
second group contained 60 children a t the start of the study.:· 
jl 
The instructional progra m i nvolved three teachers in all: i, 
II 
the writer taught both clas ses at her school; the other t wo ' 
classes were taught by their respective tea chers. 
After carefully considering the school system's g uide 1 
for teaching ar ithmetic, (the course of study usual ly fol-
I il 
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lowed by the teachers involved), and the Structural Arith-
metic Program, certain pha ses of each were selected for both 
groups to include in their year's program. A measuring 
instrument vms constructed by the Yv'r iter, and is described 
in detail in a subsequent chapter. This series of tests was 
administered at the start of the school year , in September 
and October, 1953, before arithmetic instruction took place . 
The s ame tests were given in June, 1954, at the end of the 
period of instruction, and in September, 1954, before in-
struction was resumed. 
V. ORGiN IZr~TIO N OF THE THES IS 
S ince the writer found no research relevant to this 
study, the following cha pter contains a discussi on of past 
a nd presant trends in teaching arithmetic , and some of the 
controversies 1.vhich have evolved from these trends. Chapter 
l\ III describes the procedures and techniques employed in the 
study, and also contains a description of the measuring in-
strument. The contents of the year 's instructional program 
are made clear in conjunction with the discussion of the 
test. In Chapt e r IV, the data which was collected is or gan-
i zed for compa rison and interpretation. The final chapter 
is devoted to the indications revealed by this investigation ! 
i 
and the writer's criticisms and suggestions for further 1 
study. 
4 
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CHAPTER II 
RESEARCH 
This chapter conta ins a brief overview of trends in 
the teaching of arithmetic and a discussion of the differ-
ence betvveen the method used by Catherine Stern and other 
currently advocated methods. To the writer's knowledge, 
there has be e n no r esearch study of the Structural Arith-
metic Program at the level for which it is intended. One 
study, by John Larkin in 1950, has examined the effective-
ness of the Stern concrete materials when used for remedial 
work with a small group of sixth grade pupils.l 
In the elementary school program today, arithmetic 
is the most controversial subject. Parents and teachers 
are concerned with the content of arithmetic programs and 
with the me t h od of instruction . Their questions are not 
new. The answers to these questions, as revealed in cur-
rent practices in t eaching arithmetic, h ave not suddenly 
emerged. The groundwork for many present emphases on mean-
ing , sensory impressions, and the use of co ncrete materials 
can be found in the history of arithmetic. 
lJ. W. Larkin, Jr., "Evaluation of the Catherine 
Stern concrete Ma terials As Used in a S ixth Gra de Re medial 
Program" ( u..Ylpubl ished Ma ster's thesis, Boston Univ ersity, 
1950). 
ll 
II 
A study of the background of arithmetic will show 
many divergent opinions as to the best method of instruc-
" 
'i 
i: 
II 
I' 
.I 
'I 
tion. Comenius and Locke were chiefly interested with the !I 
senses a s doorways through which knowledge entered the minc'l- j 
Rousseau influenced all tea ching profoundly with his doc- I 
trine of interest, and the belief that learning should oc-
cur through the natural consequences of one's a cts. 
The revolt in all education against traditional for- · 
mal me t h ods was apparent in arithmetic i n struction. 
Pestalozzi argued that difficulties arose in arithmetic be-
l 
cause children had been accustomed to memorizing and carry-
ing out abstract rules which they did not understand. 
Colburn introduced the Pestalozzian theory in a book in 
which number ideas, number names, and mental operations 
with numbers preceded rules and fig ures. He assumed that 
the concept of number is first acquired by observing sen-
sible obj ects. The modern counterpart to this theory is 
the insistence of arithmetic educators that we move in 
steps from the concrete experience to the semi-con crete 
before attempting an abstract expre ssion. Pestalozzi ad-
vised the teacher to be g i n with sense expressions a s the 
object of the lesson. Only after time for these initial 
impressions to tak e effect had elapsed, should the teacher 
proceed to naming the obj e ct. Then the object should be 
studied as to form, and its v a rious qualities discussed and 
6 
...:.....:::===. __ --:.__;__ 
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compared . F'inally, from this should evolve an abstract 
definition. The sequence of the Pestaloz z ian lesson went 
from the simple to the complex. 
Modern courses of study follow this same pattern in 
that concrete materials are included or suggeste d for the 
beginning stages of learning. Structural Arithmetic puts 
concrete materials into the hands of children long before 
it teaches any number names or rules. However, Catherine 
S tern has added to this Pestalozzian emphasis by including 
the principles of Ge~talt psycholo gy. In the preface to 
her book we find this reference to the Gestalt approach: 
Structural Arithmetic will be of interest not only 
to tea chers but also to psychologists, since it pre-
sents an approach to the teaching of arithmetic that is 
based on insight into structural relations. In rea ding 
the exampl es t aken from the observation of children 
working with our materials, psychologists will find ex-
perimental proof of the validity of the Gestalt princi-
ples in tea ching and learning.2 . 
Educ a tors seem to agree that drill without meaning 
is to be dis carded. They recognize the importance of learn 
ing meanings and sta te that when children understand new 
concepts, they reta in the concepts and related skills with 
grea ter success. Thorndike reminds us of the v a rious mean-
ings involved in number. "The child must understand the 
2catherine S tern, Children Discover Arithme tic 
( New York: Harper and Brothers, 1949), pp. xxiii-xxiv. 
--
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meanings of number: the series meaning, the collection 
3 
meaning, the ratio meaning, and the relational meaning." 
It is this " meaning " aspect that forms the core of 
r ag ing controversy. How shall we teach so that children 
understand? Brueckner and Grossnickle advocate the social 
application approach: 
I 
I , 
" r 
I: 
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lr 
The recognition of the close rela tion between arith-
metical processes and their social applications in a 
g r ea t many of the activities of daily life is reflected 1 
by the contents of modern courses of study in a rith-
1 
metic ••••• In recent years, i mportant studies of the II 
lea rning process and of child development have revealed ,I 
the limit a tions of trad i t ional i ns tructiona l procedures l 
in a rithmet ic. It has been made clear that learning : 
proceeds b e st when it t ake s place in social situations 
tha t are meaning ful to the l earner ••••• Instead of a 
traditional curriculum that is organized on a compart-
mentalized subj ect b a sis, which stresses the ma the mati-
cal phase of arithmetic, learning a ctivities a re organ-
ized in a modern program as experiences in dealing with 
aspects of social life about which the children should 
be informed. 4 
Brueckner has st a ted in another publica tion, "Var ied con-
tacts with the uses of number operations in social situa-
tions will insure understand ing of the operat ions and an 
3Edward L. Th orndike, The Psychology of Arithmetic 
(New York: The Macmillan Company, 1924), p.~. 
4L. J. Brueckner a nd F. E . Grossnickle, How To Make 
Arithmetic Meaning ful (Philadelphia: The John c:-v~iinston 
company, 1947), pp. 1-18. 
I 
I 
If 
I 
II 
·I 
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i: 
r 
1: 
a vmreness of their social significance." 5 
Catherine Stern. also condemns meaning less drill, but ! 
goes on to say: 1: 
Nor does daily applic·a tion of numbers in so-called 1: 
1 life situations' give the child the tools to deal com- ! 
prehendingly with quantitative relations. Each new 
situation illustra tes one isolated number fact. There 
is no tra nsfer from one number experience to another ••• 
Our children learn arithmetic only if they understand 
the structure of our number system. Our new a pproach 
to the teaching of numbers is based on the assumption 
that to learn arithmetic means to grasp the fundamental 
relations from which the single number f a cts derive 
sense and me a ning. It is not enough to meet numbers in 
situations; the inter esting appearance and the practi-
cal use of the obj ects to be counte d may distract from 
the basic number concepts. In our method, the number 
fact is the center of the child's interest. We do not 
fill life situations with numbers. We fill numbers 
with life.6 
Dr. Stern further states: 
It has always been the job of the educator to put 
abstract number relations into a concrete form which is 
adapted to the child's interest and his mental capaci- . 
ties. But while we adjust our teaching to fit the inner l 
nature of the child, we must do so without damaging the I 
inner nature of ma thema ~ics: IVIodern teach~ng a ttem:pts 
have so overdone the adJUStlng that the arlthmetic lt- 1
1 
self is camouflaged and consequently poorly learned.? 1 
some educators do not agree that the number system 
can be easily understood by young children. Judd, for 
51 • ..T. Bruec kner, "Arithmetic in the Elementary and 
Junior High School," Arithmetic, 1947 (Second Annual Confer-
ence on Arithmetic, Number 63, Octo'6er, 1947. Chica go: The 
University of Chicago Press, 1947), Chapter I. 
6catherine Stern, Ch ildren Discover Arithmetic (New 
York: Harper and Brothers, 1949), p. 4. 
7 Ibid. , p. 3. 
9 
I 
----·----- - -
example, states: 
The child comes into a social environment which is 
possessed of a highly perfected number system, but the 
child f e els no need for it, and he is incapable of the 
abstract thinking that is necessa ry for the intelligent 
use of this system. To the child the number system is 
in itself a body of very complicated experience ••••• The 
deliberate effort of society is to give pupils in a few \ 
years and in its most highly perfected form, that for · 
which the race strove during long centuries. 8 j 
Marg u erite Lehr feels that we should put our accumu- 1 
lated knowledge to better use: 
In our planning new arithmetic methods we have tried 
to take advantage of what we lmow about the mechanisms 
of learning and habit forming, but we have only too 
often ignored our increa sing knowledge of the subject 
1 itself ••••• Today we know more about number notions than I 
eve r before. Yet at this time there are apparently 
strong movements ••••• which deliberately or blindly 
forego the single great ga in and source of arithmetic 
power--the number notion as such, amenable to record, 
using only ten symbols ••••• One hears much of 'life situ 
a tions' and any a pplication of this approa ch to arith-
metic runs the grave danger of leaving the child to 
attack his complex experience as if no one before him 
had ever attacked it with success and satisfaction, or 
even of introducing further confusions of a most star-
tling kind ••.•• The primary teaching problem is how to 
make every child simultaneously discoverer and inheri-
tor of a set of concepts.9 
Pestalozzi held that a child should learn to feel 
joy in exercising his own powers for the discovery of truth 
Dr. Stern agrees that, 11 It is the sense of accou;rplishment, 
I 
I 
I 
I 
Bcharles H. Judd, Psychological 1~nalysis ~ the 
Fundamenta ls of Arithmetic (Supplementary Bducat1onal 
Monographs, No. 32. Chicago: The University of Chicago 
Press, 1927), p. 103. II 
9catherine Stern, Children Discover Arithmetic 
(New York: Harper and Brothers, 1949), pp. xv-xxi. 
I\ 
li 
I 
_I 
the thrill of discovery that make the child content and 
happy in his work, just as they make life worthwhile for 
the scientist. "10 Structural Arithme tic is designed as a 
labora tory method , and children a re led to discover the 
cepts s h own in the concrete materials . Marguerite Lehr 
feels tha t the ma t erials a re we ll suited to this t a sk: 
" Mor e ov er, the number rna t eria ls, because of their careful 
design and order, fit the b e st ana lysis men have yet made 
of the notions involved, and thus provide almost unhoped for 
g ood conditions of 1 earnings. rtll 
Let us finally c onsider the a spect of S tructural 
I 
Arithmetic which is most strikingly different from any otheiJl 
· · I I 
course of study. The name of the program incorporates this I 
unusual characteristic of the concrete materials, which are 
patt erned after the actual structure of the number system, 
and which involve the measurement idea. This program relies i 
on measuring r a t h er than coUJlting as .. its b a sic opera tion. 
Olga Adams, in describing procedures for dev eloping 
number readiness in the primary gr a des, b.a s sugge sted many 
informa l play a ctiviti es to build counting ability, which 
lOrb·d 'Z 
__ l_., p. o. 
llcha rles H. Judd, Psycholo g ical Ana lysis of the 
Fundamentals of Arithmetic (Sup plementa ry Educationa-l-
Mono gr a phs, N"'""":" 32. Chicago: The University of Chicago 
Press, 1927), pp. xv-xxi. 
I 
I 
I· 
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I 
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she considers an important phase of r eadiness.l2 Measuring 
is not even considered in the sense in which Dr. S tern uses 
it. Dr. S tern explains the use of measuring in this way: 
The basis of our numb er scale is the additive prin-
ciple: in g oing from one number to the next, we, in 
effect, add l more item to the orig inal collection. But 
since these l 1 s are all e qua l, it natura lly follows that 
3 is not only l+l+l but 3 times 1. Our number system is 
fully understood only when these basic additive and mul-
tiplicativ e rela tions are comprehended. We have to 
' measure' continuous magnitudes which are compos e d of 
e qual parts, in order to develop the right k ind of nume 
ical concepts ••••• The piecemeal counting of single ele-
ments does not lead to the understanding of number rela-
tions ••••• The course in S tructural Arithmetic consists 
of a se quence of experiments i n which the tea cher pre-
s ents the new number materials. Instead of developing 
the first number concepts by counting the elements of 
unstructured groups of objects, the child works with 
clear structure s that show him from the start t~~ rela-
tions between the numbers of our number system. 
Dantzig reminds us that counting must have been preceded by 
I 
I ,_ 
r 
I 
a numb er ability which he defines in this way, 11 Man, even in ' 
the 1ov1er stages of development, possesses a faculty, which, 
for want of a better name, I shall call Number Sense ••••• 
Number Sense should not be confused with counting, which is 
probably of a much l a ter vintage.'~ Such a statement might 
l2olga Adams, " Arithmetic Readiness in the Primary 
Grades, 11 Arithmetic, 1947 (Second Annual Conference on Arith-
metic, Number 63 , October, 1947. Chicago: The University o1 
Chicago Press, 1947}, Chapter II. \ 
l3s tern, op. cit., pp . xxiii-9. 1 
l 4Tobia s Dantzig, Number, the Language of Science 
{New York: The Macmillan Company, 1941), p. l. 
- ------ --7" 
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1 
lead one to beg in wondering why educators have not previ-
ously considered other means than counting as a basis for 
number instruction. 
Structural Arithmetic may not be a cure-all for our 
a rithmet ic ills. Only time for discerning observat ion and 
research will help educators discover what contributions 
this innovation can make to b etter arithmetic instruction. 
J:'o.. s Marguerite Lehr points out: 
Any method of teaching arithmetic must eventually be 
judged by wa tching the children, with certain questions 
in mind. Do these children ga in control of an unavoid-
able aspect of their daily life, simple numbers and 
their manirulation? Tha t is the first and minimum re-
quirement. 5 
This study has attempted to learn whe ther or not a group of 
children taught with the Structural Arithmetic method do 
meet the state d first and minimum requirement. These indi-
cations a re a mere beginning to the v a st amount of research 
needed before educators will be able to f a irly judge Dr. 
Stern's program. 
15stern, op. cit., p. xxi. 
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CHAPTER III 
I 
PROC~"'DURES AND TEC ID~ IQUES 
I. I N'l1RODUCTION 
il 
I 
This chapt.er will describe in detail the way in 
which the experiment was conducted. At the outset, certain 
standards had to be chosen by which pupils would be selec-
ted, so that a fair and accurate comparison could be made. 
The coopera tion of the tea chers and administrators of each 
group was required throughout the en tire -undertaking . The 
instructional program had to be planned as to its content 
and the method of teaching . A t e st had to be constructed, 
adminis tered a t certain ;intervals in the experiment, and 
scored. Finally, the results of these testings had to be 
recorded, compiled, compa red, and interpreted. These steps 
in the development of t h e study will be discussed under 
four headings in this chapter: 
Selection of Pupils 
The Instructional Program 
The Meas uring Instrument 
Statistical Techniques 
II. SELECTIO N OF PUPILS 
I; 
II 
\! 
I' 
II 
1: 
the pupils v1ho followe d a conventional year's program, 
using no S tructura l Arithmetic materials. 'rhe second grade 
I 
I 
classes from wh ich Group A was selected were chosen because ! 
they met these qualifications: \ 
1. the school was in the same community as the 11 
school from which Group B was chosen , and it was ! 
observed tha t the children had, in general, the 
same social and economic background as t h os e in 
Group B. 
2. Structura l Arithme tic was not used in any grade 1 
of the school. 
3. the tea chers and principal were interested i n 
the study, and consequently, willing to plan the , 
I 
instructional program with the writer and confer i 
I 
with her when necessary. 
Any c h ild in Group A or B who was repeating second 
grade or had r epeated first gr a de wa s eliminated from the 
group, as were childr en whose c hronolo g ical ages exceeded 
1_5 
7 y e a rs 11 months. Th us the ch ronolog ica l age s pan in e ac~ ~ 
group wa s fro m 6 years 6 mon ths to 7 y e a rs ll months. The 
Otis Quick-Scoring Mental .Ability Test, Alpha Te st, Form A , I 
I 
wa s g iv en to ea ch group . Whe n further e limination of t h o se ! 
ch ildr en scoring below 90 I Q took pla ce, the ch ildren re-
ma i n i ng i n Group A tota led 45 and Group B now con t a ine d 42 
ch ildren. The distribution of the i ntellig e nce quotients 
of the se finally selected groups i s shown i n Table I. The 
mean rq was found for e a ch group, a s was t h e sta ndard 
deviat ion of eac h distribut i on . These means wer e - test e d to 
determine wh e ther any significant difference in menta l 
a bil ity ex ist e d betwe en t hem. The r esults of t h is s ta tis- 1 
ti ca l t es t a r e s h OVIn under Table I. 
I; 
I 
I 
Jl 
I 
TABLE I 
DISTRIBUTIO N OF I NTELLIGENCE QUOTIENTS 
I Q Scores 
135-136 
1 33-1 34 
1 31-1 32 
129-130 
127-128 
125-126 
123-124 
121-122 
119-120 
117-118 
115-116 
113-114 
111-112 
109-110 
107-108 
105-106 
103-104 
101-102 
99-100 
97-98 
95-96 
93-94 
91-92 
90 
N 
M 
SD 
Group A 
1 
2 
1 
1 
4 
5 
1 
1 
3 
3 
4 
2 
3 
3 
3 
2 
1 
2 
2 
1 
45 
108.56 
10.06 
Group B 
1 
1 
1 
2 
2 
6 
2 
4 
3 
4 
2 
1 
1 
2 
5 
1 
3 
1 
42 
110.62 
10.87 
The difference between the means of Group A and 
Group B was 2.06. The standard error of the difference 
was 2 .27. A t-ratio of . 91 was found, with the level of 
significance between 40% and 30~& for df - 85. Thus, there 
was no statistically significant difference b e t ween Group 
A and Group B in ment a l ab ility. 
,, 
,I 
'• 
--= __ -::;__-:.=..,. 
ll 
be-Althouah there was no significant difference 0 
t ween the groups in mental ability, the first grade back-
ground in number work for each group bears consideration 
here. Group A had an uninterrupted, conventional first 
!' 
I 
I! 
I 
gr ade i nstructional program, with stress mainly on basic 
number concepts and the 110 addition and subtra ction f a cts • . 
Group B consisted of c h ildren who were moved from two 
sch ools i n the middle of gr ade one to a new building, 
where they had othe r classma tes and teachers. In this new 
situation, Structural Arithmetic 1na teria ls were introduced 
to Group B, and for the half year remaining, these chil-
dren became f amiliar with the ma teria ls, following the 
initial pro gr am , Experimenting with Numbers. In this pro-
gr am , the children explored with the manipulative materi-
als t h e important aspects of the structure of numbers from 
1 to 10, without any major stress applied to n~ stering the 
number f a cts. This difference i n instructional b a c kground 
1 
is evide n t in the r es ults of the first testing , which too k .l 
I, 
place at the start of grade two, before instruction had be ~ 
g un. 
The reader will obs erve that the number of ch ildren 
varies a t each test ing and within each testing, at differ-
ent factors t es ted. Thes~ changes took pl a ce because 
children moved or had leng thy illnesses which made it i m-
li I 
i8 
-
- -
I 
II 
\\ 
i 9 
- - ·-- --!----- --
possible to g ive them t he tes t before the t est ing period 
expired. 
III. THE I NSTRUCTIO NAL PR0GRAN1 
During the s pring pr eceding the start of the study , 
the writer met with the tea c hers who would i nstruct Group 
A to plan the program and discuss the limitations which 
would be imposed by an i nvestiga tion of this nature. 
Aft e r carefully examining the cours e of study fol-
low ed by the t eac h ers of Group A, and the Structural Arith-: 
met ic progr am for grade two, certa in f ac tors were c h osen to ! 
be i ncluded in t he test for comparison of t he two groups. 
These factors were: 
l. group r ecogn ition 
2. serial order 
3. ordina ls (through ten) 
4. semi-abstra ct algorisms 
5. 110 basic facts 
6. i nc omplete algorisms 
7. sampling of 90 facts (with sums and minuends 
r ang i ng between ll-18) 
B. sampling of upper-deca de f a cts 
9. column addition 
10. tens and units 
11. component par ts of algorisms 
12. oral problems 
13. written problems 
I! 
While certain other factors, such as iden tification 
of numbers, comparison of size and quantity, measurement, 
telling time, reproduction of numbers, were taught t hrough , 
out the program, they were not included in the study. It 
'I was felt that the factors chosen were among the most im-
1 porta nt steps in the development of number ability and tha 
the test should measure s k ills a nd understanding s related 
thereto. The factors are described in d e tail in the por-
tion of this c hapter wh ich presents the t est constructed to 
meas ure t h em. 
It wa s i mpossible for groups A and B to present the 
con tents of the instructional pro gram in the same order, 
be cause of the unique developmenta l order of Structural 
Arithmet ic. Howev er , ea c h g roup observe d t h e following 
limita tions: 
Group A con sisted of t wo s econd grade cla sses. The 
t eacher of each class spent no more than one-half h our 
daily i n actual t each ing or demonstration. The class e s 
were divided into groups whenever the tea c her felt this 
necess a ry. Extra he lp could be g iven to slow learners and 1 
ch ildren who had been absent. Any manipulative materials 
the teac her wished to employ could be used, as long as 
S tructural Arithmetic materials were excluded from the pro-
gr am. Some o f the ma t erials used by group A were counting j. 
discs, dowel sticks, flannel b oards, cotnmercial ga me s and 
1: 
J: 
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class -made number games . 
Group B also consisted of two second grade classes, 
but both were taught by the writer because the other 
teacher had no previous experience with Structural Arith-
metic . One - half hour daily was spent with eac h group for 
demonstrations and experiments conducted by the writer . 
At t he beginn i n g of the year, during the review of the 
Experimenting with Numbers course and throughout the first 
wor kbo ok experiences of Book One, (wh ich is designed for 
first grade, but had not been completed the previous year), 
the writer worked with groups of ten children at a number 
table, as the program suggests . When Gro u p B began Book 
Two , the second grade course, i n February of that school 
year, the writer did all de monstrations and experiments, 
and accompanying workbook exercis e s with each class as a 
who~e . Structural Arithmetic nn terials were used exclus-
iv e ly, and t h e me t h od and ord er of pr esent a tion were ad -
hered t o ex p l icitly . Boo k Two wa s not co mp l e t ed, be c a use 
Un it eigh t o f t ha t bo ok introd uc e s the bridg i ng con c ept, 
wh ich Vi&S no t i n c lud ed i n the pro gr c;. m for g roups -~ a nd B . 
Bec a use of the a mount of rna terial to be covered by Group 
I 
1: 
B , t he r e was no time for review or supplementary worksheets ! 
other than those provided i n the workbooks . As for Gr-oup 
A, extra help could b e g iven to slower learners or ch ildre 
who had be e n absent . 
21 
The half-hour da ily time limitation which has be en 
descr ibed was for a ctua l teaching and demonstrat ing . The 
childr en in both groups were g iven time to comple t e the 
vrri tten wo r k which mi ght accompany a 1 es s on. Ho..,vev e r, 
ar ithmet ic was g iv en no pr e c edence over the r est of t he 
second gr &de progr am ; t he thre e t each ers involved were 
care ful not to provide unusual amotmts of prac t ic e ma t eri-
a l or otherwise str '3SS the number work more than they 
would i n any year's program. 
This instructiona l program bega n in October, 1953 , 
a ft er t he first testing had b een completed . Al l clas sroom 
numbe r work wa s stopped by June 1, 1954, and the s e cond 
t es ting took place. The t h ird testing w~s done i n Septe m-
ber and early October, 1954, b e fore any review or new in-
struc tion was g iven. Th e test which was used is described 
in t h e next section of this c hapt er . 
IV. THE MEAS DRING I NS TRUMENT 
The test vrhich is subsequently described was con-
struct ed by the wr iter after c areful ly exami n ing the t wo 
I 22 \', 
' I 
r 
I 
I 
I 
cours e s of study to be followed and conferring with the two 
teachers of gr oup A as to the purpose and contents of each J 
part of the test. 
Al l te sts were administered b y t he writer, except 
at the t h ird t e sting, when several pages which required no I 
special d ire ction were g ive'n by the clas sroom t eac hers. At! 
I 
:I 
I 
I. 
1: 
'I 
every 
i ~ 
" I, 
' 
- h 
i' 
' 
" I,
I 
J, t e s ting , the following cond itions existed : 
l. 
2. 
' I· 
The t ests g iven to eac h g roup at all t h r ee test ~: 
:· 
!• 
i ngs were iden tical. The pages of the test vver~ : 
1: 
not pr e sented in the same se quence, h owev er, i n 
1
• 
I, 
order to prevent a pr a ctice-effect a s muc h a s 
p os s ible. 
All t est s were g iven during morn ing cla ss s es -
lo 
: 
I; 
I· 
11 
s ions, before t he c h ildr en became tired , exce p t ~~ 
I: 
I' 
for those tests on ordinals and group recogni-
tion , which were shorter t es ts. Th ese were 
g iven in the ear l y a fternoon. 
3. The r apport. betw·een t he examiner and c h ildren 
was excellent. The c h ildren were told t ha t 
the se papers would no t be used a s a basis for 
gr ad i ng , but we r e to be kept by the exa rrd ner , 
who was i n t e r es t ed i n their work . They were 
asked each time to wor k v er y c a r efully , and not 
g u ess when t hey didn't know an ans wer . It wa s 
explained th~t t hey were not expect ed to do 
e v ery example on each paper, but tha t some c h il- j 
dren v.rould probably be able to do a ll the work . 
At many t es ting s essions with both groups, t he 
exami ner played games or taught songs at t h e endl
1 
of t h e test. The c h ildren did n ot lose their e~ 
thusiasm for t h e sessions, even a t t he third 
I• 
I 
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testing. 
4. While all the test papers required oral direc-
tions, the writer nevertheless wrote specific 
directions to be said by her at each testing. ~~ 
it did not seem wise to vary any direction, how I 
ever slightly. Directions were repeated once, 
and accompanied by s amples on the chalk board 
whenev er necessary. Children were not allowed 
to a s k any questions on ce a test was begun, but 
were permitted to ask to hav-e any words read to 
them by the examiner if they could not r ead 
t h em. 
5. The c h ildren's desks were separated to facili-
tate concentration and guard against copying. 
All sessions were monitored by the examiner. 
Every child had a ll the time he needed to com-
plete a paper, and a quiet t esting situation was 
ma inta ined until the l a st paper was collected. 
The test papers were g iven to every child in each 
class, although some of the children were eliminated from 
the gro up for reasons previously described. These papers 
vvere later discarded vvhen t he tests were scored. 
The writ e r was gr a teful to have some help from t h e 
teachers in scoring the papers, but every paper was checked 
c a r e fully by the writer and a ll mBrks were recorded by her. l 
h 
II 
!I 
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Certain aspects of some t e st papers are similar, 
and will be mentioned generally here rather than in the 
following descriptions of the papers used to t est each 
specific factor. All number a l g orisms were presented i n 
horizonts.l and vertical form. In word problems, the vo- !1 
II 
cabula ry was mostly selected from primer vocabulari e s, 
with a few first reader words being used. The children 
were encouraged to seek help by raising their hand when-
ever any readine; difficulty arose. The examiner was care-
ful not to g ive help i n solving the problem while reading 
for the children who needed help. 
In mar k ing all tests, all scores were the total num-
ber of examples done correctly. 
Each test paper is included in this chapter follow-
ing the description of its purpose, administration, and 
scoring. 
I 
1. 
II 
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Group Recognition 11 
This t e st was contrived to measure the pupils' abil j ; 
ity to recognize numbers in various c onfigurations . The 
patt erns were drawn with India ink on cards nine by twelve 
inches. There were twenty-two cards, showing groups of 
numbers from 3 to 10, using two nw in types of configura -
tions: the 11 domino 11 designs which had been used by group 
A throughout the year, and representat ions of the Structur-1 
al Arithmetic pattern boards used by group B . Eac h group 
cons isted of solid black squa res or circles with one inch I 
dimensions. The designs have been 
I 
I 
reproduced in smaller 1\ 
line drawings and are included for the r eader's obs ervatio1 
in Appendix B of this study. 
The children were directed to look c arefully at the 
c ard as it was shown, and then write in the appropriate 
box on their paper the tota l number of circles or squares 
they saw. Small p ictures were drawn in every box to help 
the children keep their place on the page , and were re-
ferred to when each card was shown . Each card wa s shown 
for one second, and time was allowed between showings for 
the children to writ e t he number. 
The h ighest score possible on this test was 22 . 
26 
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Ordina ls 
Th is paper t es t ed the childr en 's knowl ed ge of t he 
ordinal position of numbers fro m 1 to 10. Familia r ob-
jects were pr esented i n hori z on t a l rows, and the c h ildren 
de signat ed with a circle or a cross the object t h ey c h ose. 
The exami ner c i rcl ed an obj e ct on t he cha lkboa rd, and 
cros sed out ano t he r with an X, as wel l a s showing h ow to 
d r aw a lin e betvveen t wo obj e c t s, a s the c h ildren were di-
r ect ed to do in t he last row on the page. App l e s we re 
us ed f or t h is de monstra tion , which took place b efor e the 
papers were distributed. The children used d a rk crayons. 
r ead: 
After ea c h c h ild had a paper, t he se directions vrere 
11 Put an X on the eighth flower. 
In t he s ame row, put a c ircle a round t h e te n th 
flower. 
Put an X on the fourth fish. 
In the same row , put a circle around t he first fis 
Put an X on t he sixth r abbit. 
Now dr aw a circle a round t he third r a bbit. 
Put an X on t he fifth ch icken . 
In t he s ame row, draw a circle around the second 
chicken. 
Draw a line betwe en the seventh and n i n th che rry. 11 
Ea ch corre ct p l a ce s hown counted one poin t, ma k ing 
a tota l score of · lO po ss ible. 
.I 
I 
·I 
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S emi-Abstract Algorisms 
This t est consisted of twelve a ddition and subtrac-
tion examples which conta ined words i ndicating the objects 
being a dded or subtra cted. Some of t h e examples were i m-
possibl e to do, since the obj e cts were not similar. The 
first four examples repea ted the name a fter t he space left 
for the numerica l answer; this was meant a s a r eminder to 
t he children t ha t all such answers would be i n complete 
without the appropria te word, although no mention was mBde 
of the fact. 
Before the tests were distributed, t h e children were 
told to cross out any examples they could not do. No ex-
ampl es were put on the cha lkboa rd for fear of exposing the 
examples in the test con t a ining dissimilar objects. 
A tota l of 12 points was possible in this t es t. 
The exampl e s were corr ect if they were answer ed with the 
corr ect numerical f a ct, and appropriate word, where neces-
sary , or mar ke d with an X to show they could not be an-
swer ed . It wa s inter esting to the writer to note that 
several ch ildren added dissimila r obj ects, calling t he ir 
a nswer "things". This wa s assumed correct. 
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110 Basic Facts 
This test measured the pupils' ab ility to respond 
correctly to the bas ic f a cts in written form. It con-
t a i ned a s ampling of addition and subtraction f a cts (in-
eluding the zero f a cts) with sums and minuends of not more 
than 10. There was a total of 99 examples, on t'lft.ro papers. 
The t wo sheets comprising the test were g iven at separate 
sitt ing s, beca us e of the numb e r of examp l es on ea c h s h eet . 
Th e oral directions were mer e l y , 11Write a s many answers as 
y ou c a n 11 • 
The h i ghest s core poss i b le on t h e comb i ned s h eets 
1ifaS 9 9 . 
I n cor.1 plete .h l g or is ms 
This paper also co n sisted of a s amplin g of t he 110 
b a sic numb e r f a cts, but it required a different kind of 
r espons e . The pupils were a s ked to fill i n the missing 
pa rt of each a lgor ism. The t est v'!a s desig ned to measure 
II 
I 
I 
·I ,, 
the pupils' knowledg e of component parts and und erstan~ing ' 
of the addition and subtra ction processes. 
No e xamples were written on the chalkboard. The 
children were directed to write the missing part of each 
example in the blank provided. 
The h i ghest score possible wa s 54. 
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Sampling of 90 Facts 
This sheet contained a sampling of those f a cts with 
sums and minuends r ang ing between 11 and 18, including the 
zero f a cts. No examples were included which required bor-
r owing or carrying. 
No sample problems were written on the chalkboard. 
The children were directed to answer as many examples as 
they could. 
Th ere wer e 28 examples, making a total possible 
score of 28. 
Up per Decade Facts 
The pur pose of this t es t was to measure the pupils' 
ability to a pply their knowl edge of ba sic f a cts in the 
u pper de cades. No borrowing or c a rry i ng was r equired. 
The pupils were dir ect ed to answer as many examples 
as they could, and no sample wa s written on the cha lkboa rd. 
The h i ghest score possible was 33 . 
Column Addition 
This sheet of 20 exampl es measured t h e ability to 
add more than two numbers toge ther. The examples had 
t h re e or four addends. No carry ing was required, since n o 
sums exceeded ten. 
The children were directed to write a s many answers 
as they could. The highest score possible was 20. 
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Tens and Units and Ser i a l Order 
Two t ests were i ncluded on this sheet. First, a 
t es t of the pupils' understanding of ten s and units. The 
s e con d part of the paper measured knowledge of serial 6rde 
of written numbers. 
Before the tests were distributed, the words "ten, 
tens, and, one, ones 11 we re written on the chalkboard. Th e 
words were rea d by the examiner, and the children were re-
minded that they could a sk what any word was if they could 
not r ead it. These samples were also written on the bo a rd. 
1--3 --2 1--
The . ch ildren fill ed in the missing numbers, being told 
t ha t a blank space before a number means to write the . num-
ber b e fore the one already written, and a bla nk space aften 
the number requires the next number a fter t h e one written . 
The tests were distributed face down, and tu~ned up 
for further directions a ft er every child had a paper. 
These wer e the final oral directions: 
"At the to p of this page is a flower. All the e x -
amples in this p&rt of the page ( po inting to own paper) a r 
about tens and ones (pointing to words on board). On e a ch 1 
blank spa ce, write a number--here {pointing to first four 
ex amples) it is a miss ing number. In the r es t of the ex-
amples y ou ·write how many tens and ones a number has -- or 
what numb er the se tens and one s will make. 
40 
At the bottom of the page, where there is a flower 11 
in a pot ( point ing to own paper), wri te the mi ssing number.11 
Here, where t he re are t wo f l owers , write the number tha t II I ~ 
comes before or after (r efer to board)." I 
The tota l score for the ten s and units test was 17. 
There was a total score of 21 pos s ibl e on the serial order 
test. 
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Component Parts 
This test mea sured the children's ability to 
I 
mine vvh ich exa1nples belonged to the same nu1nber story, in. d 
one vvay or another. Ea c h group of t ~1ree examples h a d two 
which were similar, either becaus e they were r eversals or 
part of a "family" of f a cts. il 
tj 
The c h ildren were directed to cross out t h e example \i 
wh ich didn't belong with t h e others, after doing this ex- l1 
ample on the cha l kboard toget her orally, while t h e e xamine [ 
cro s s ed out t h e part indicated by the children. 
2 t 1 
3 t 4 
1 t 2 
•rhe children we i'e reminded tha t they were not to 
writs answer's to t h e examples. 
The hi~hest score possible was 22. 
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This t es t pape r con t a ined s paces where the c h ildren 11 
II 
wrot e ex ampl e s aft e r hearing a problem r ead. The p ictures j; . 
in ea c h b ox we re to he lp the c h ildren keep their place. 
The first problem was done as a sample with the 
I 
c h ildren supplying t he example wr'i t te n on the chal kboa rd, 
the n on their own papers. The algorism was written h ori-
z onta lly and ver t ically on t he c halkb oard. Th e children 
were reminded to write the whole exampl e , not just the 
answer. 
These problems were r ead, each one repeated once. 
the s ample: How many dolls does Jane have? She had 2 and! 1 
' 
Daddy gave her 1 new doll. 
the t es t problems: 
1. How many boy s were playing ball to ge t h er ? 
5 boys were playing and 2 more came. 
2. How ma ny apples are now i n the tree ? There vv ere
1 
9 app l e s in the tr e e before t h e wi nd blew 3 of t hem down. 
3 . Sa lly saw 8 horse s a t the circus. 5 of them 
were black; t h e others were white. How many horses wer• e 
wh ite ? 
4. How many crayons did Peggy lose ? She h a d 10 
when sch ool started. } ow she has only 4. 
5. 'Nhat is the difference in the number of appl es 
the t wo b oys have? Charles has 5 a pples and Henr y has 2. 
45 
6. How many flowers a re in the garden '? There a re 
4 red flo wers, 2 blue flower s, and 3 ye llow flowers. 
7. Jac k had to ma il 7 letters, but he could find 
only 4 stamps . How many more stamps must he have? 
8. How rnany more pennie s does Debb y need to ge t 
fro m Mother? The candy she wants costs 8 cen ts, and she 
only has 6 pennies. 
9. How many more toy cars has John than Harry ? 
Job.~.J. has 6 and Harry has 3. 
There vvere 9 points possible for t h is test. AS in 
the t es t on written problems, the examples were not incor-
rect if corre c t think i ng was evident even wh en the number 
f a ct wa s wrong. For some problems, an additive me t h od or 
subtrative method was correct, as long as the example wa s 
indica tive of correct think ing. 
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Written Problems 
Thes e t wo papers conta ined ten written problems. 
There were examples of various kinds of situations re-
quiring different thought patterns. The first example, in 
the box where a clown's head is drawn, was done ora lly as 
a sample by t h e whole group, while the complete algorism 
wa s recorded on t h e board. 
The children were directed to write the whole ex-
ample, not just the answer. The s ample problem was checke 
by the examiner before the children went on to t he next 
problem. The childre n were reminded tha t they could ask 
help in reading, but could not ask other questions. 
Eac h correct, complete algorism counted 1 point. 
If the child used the right process, but wrote a wrong 
answer to the numbe r fact in the example, his answer was 
counted corre ct, since the ma in objective of t he t e st was 
to measure the ability to use the right number process. 
The highest score possible was 10. 
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V. S TATISTIC.~:~L Tb:C1-IN I 9,U:ES 
Because of the explorat ory na t ure of this study and 
:I 
I 
the s mall number of children in each group, it was decided 1 
t o make all compa risons between the groups, rat he r than be- ; 
t ween pairs of matched ch ildren . The writer was aware that l 
t h is more general comparison wo uld further limit the sig -
nificance which could be attached to any fi nd ings o f t he 
invest i gation. However , since the purpose of this study 
was to make an initia l investiga tion and find indications 
and tr ends which mi ght exist, gener a l comparison o f the 
groups we ll suited t he needs of t he study. 
It has be en n oted tha t the groups were selected on 
the basis of chronolog ical age and l.Q . Because of var i-
ous differences i n first g r ade number experie n c e, t he firs 
t esting wa s g iven in the nature of a pre-test to s e rve a s 
b a sis for further comparison . 
All t est scores were r e corded, a nd t he means and 
sta nda rd deviations were co mputed fro m t hese r aw scores . 
Fr equency d istributions were made to p ictur e the way in 
wh ic h scores were distributed . 
In order to determine whe ther any differences found 
be t ween the groups were significant, all differences be-
t ween means were t es ted using t h is critical ratio formula: 
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l(NiSi\2 l
Nl + N2 
, 
i n which the denominator• represents the standard error of 
the difference b e t ween the means. 
1: 
I! 
>- -- - ! 
I 
II 
!• 
,. 
I: 
I 
I 
I 
I 
,, 
I 
I 
,, 
I 
'I 
'I 
52 
CHAPTER IV 
PRES ENTATION AND ANALYSIS OF DATA 
This chapter will present t h e basic data collect e d 
from the three testing s of children in groups A and B, and 
the analysis of these data. 
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School 
testing 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
fll 11 
~ 10 
0 9 g 8 
7 
6 
5 
4 
3' 
2 
1 
0 
N 
M 
S .D. 
TABLE II 
DISTRIBUTIO NS OF SCORES ON TEST 
OF GROUP RECOGNITION 
I 
1 
3 
4 
2 
2 
5 
8 
1 
3 
2 
6 
3 
1 
1 
2 
1 
1 
43 
14.28 
4.45 
A 
II 
1 
3 
2 
7 
2 
5 
7 
4 
4 
4 
2 
1 
1 
43 
16.14 
3.46 
III 
41 
3 
3 
6 
7 
3 
6 
6 
5 
1 
1 
16.78 
2.59 
I 
2 
3 
1 
4 
5 
5 
4 
4 
1 
2 
4 
1 
1 
1 
1 
3 
42 
13.36 
4. 32 
B 
II 
9 
8 
8 
9 
3 
2 
2 
1 
42 
19 .• 70 
1.97 
III 
7 
11 
7 
3 
4 
1 
1 
1 
3 
38 
19.50 
2.54 
For g roup A,there was a progressive i ncrease i n the 
mean at each testing, with the greatest increa se coming be 
t ween t estings I and II. Furthermore, t here was a progres-
sive decrease in var iability of performance. 
For group ~ there was a l arge increase in the mean 
between t e sting s I and II, but no i n cr ease (actually, a 
54_ 
i' 
r I 
I 
1: 
!: 
sl i r;ht dec r ease) from t e stine;s I I to III. Variability d.e - ;: 
creased from I to II and i n cr eased from II to III . 
At t <:~sting I, t he mean of group .A wa s higher tLan 
the mean of group B, but at testing s II and III, the revers~ 
was true . The sta tis tic a l sign ificance of t h ese differ-
ences was tested and is r eported subse quently in Table XV . 
This is true of ci. ll such d ifferen ces i n •rables II through 
XIV . 
I• 
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TABLE III 
DISTR IBUTIO NS OF SCORES ON TEST 
OF SERIAL ORDER 
School A B 
testing I II III I II ILL 
21 13 19 22 12 29 27 
20 9 10 5 4 8 6 
19 2 5 2 1 3 
18 2 3 2 5 1 
17 3 3 2 1 1 
16 1 1 1 1 1 
15 1 1 
14 2 2 3 1 
13 1 1 1 
12 2 1 1 
t1.l 11 2 2 
<D 10 1 ~ 
0 9 1 2 0 
r/) 8 1 1 
7 1 
6 1 1 
5 2 
4 1 
3 1 1 
2 
1 1 
0 2 1 4 1 
N 44 45 41 4l) 4~ ~s 
M l6.ll IS.S2 IS.So I4.oo 1g.gs ~0. 34 
S.D. 6.4~ 33m 3 .51 7.44 3.28 1.5'7 
The mean f'or group A incr eased between testings I 
a n d II, and decreased s light l y between t est i ngs II and III. 
There 
a nce. 
was a progr ess ive decreas e i n v ar i ab ility of perf'orm- , 
For group B, there was a progressiv e i n crease in t h e 1: 
I 
mean a t each t esting , with the gr eatest increase coming be- ', 
t we en testings I and II. Ther e wa s a progres s iv e ·decrease II 
I! 
Ji 
5 6 
-=- = ---.:==-- -==-::- -- ..:=- -
in the v a riability of performance. 
At testing ~ the mean of group A was higher than 
the mean of group B, but at t esting s II and II~ the re-
verse was true. 
--=- ---= ---~ --
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I TABLE IV 
I DISTRIBUTIONS OF SCORES ON 
TEST OF ORDINALS 
School A B 
testing I II III I II III 
10 26 30 26 26 38 32 
9 6 4 5 6 2 
8 6 6 8 3 4 3 
7 2 1 1 2 
tQ 6 1 2 1 
(J) 5 2 1 1 H 
0 4 
0 3 1 (/) 
2 
1 
0 
N 4~ 4~ 4I 4I 4~ 39 
~ 9.H~ 9.45 9.m:~ · 9.0'7 9.9I 9.~9 
S .D. 1.30 1.00 1.10 1.63 .57 .87 
For group A, the mean increa sed betwe en testing s I 
and II, but decreased b e tween testings II and III. Vari-
a bility decreased between testings I and II, and increased 
slightly between II and III. 
The mean and variability for group B followed the 
same pa ttern a s for group A, although the change in vari-
ability was more marked for group B than for group A. 
At t e sting I, the mean for group A exceeded that of 
group B, but at t estings II and III, the means for group B 
were higher. 
r 
I 
I 
-- ~ ~ -- ~ ~f~ 
School 
testing 
12 
11 
10 
9 
8 
rll 7 
Q) 6 
H 5 0 
t) 4 Cl) 3 
2 
1 
0 
N 
M 
S.D . 
TABLE V 
DISTRIBUTIONS OF SCORES ON TES T OF 
SEMI - ABSTRACT BASIC FACTS 
A B 
I II III I II 
26 
5 
1 3 
1 
4 5 12 2 2 
1 4 3 
4 4 7 3 
1 1 1 1 
16 25 15 9 1 
3 5 2 11 
3 1 5 
1 1 2 
11 1 9 
43 44 41 42 42 
3.58 4.27 5.90 2.86 10.76 
2.45 2.05 1.89 2.08 2.09 
III 
11 
4 
1 
0 
9 
6 
1 
1 
3 
1 
1 
38 
8.55 
3.13 
For group A, t h ere was a progressive increase in the 
mean at each testin g, with the greatest increase coming 
between testings II and III. Furthermore, there was a pro-
gressive decrease in variability of performance. 
For group ~ the mean increased between testings I 
and II, but decreased between tes tings I I and · II I. There 
was a progressive increase in the variability of perform-
ance. 
At testing ~ the mean of group A was higher than 
the mean of group B, but at testings II and II~ the re-
verse was true. 
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I 
I 
\I 
I 
I 
School 
testing 
N 
96-99 
92-95 
88-91 
84-87 
80-83 
76-79 
72-75 
68-71 
64-67 
60-63 
56-59 
52-55 
48-51 
44-47 
40-43 
36 -39 
32-35 
28-31 
24-27 
20-23 
16-19 
M 
S.D. 
TABLE VI 
DISTRIBU'riONS OF SCORES ON TEST 
OF 110 BASIC FACTS 
I 
12 
13 
5 
1 
2 
2 
1 
1 
1 
1 
1 
2 
1 
43 
83.02 
13.65 
A 
II 
28 
7 
5 
3 
1 
44 
94.68 
4.76 
III 
27 
9 
2 
3 
41 
96.02 
3.90 
I 
5 
3 
2 
4 
1 
1 
4 
1 
1 
2 
2 
2 
3 
2 
4 
2 
2 
1 
B 
II 
27 
9 
3 
2 
1 
42 42 
66.62 95.83 
21.84 4.14 
III 
32 
3 
2 
1 
38 
96.32 
4.86 
For group A, there wa s a progr ess ive increase in the 
mean, with the grea t est increase coming between testing s I 
I 
I 
j_ 
i 
and II. Va riability of performance progressively decreased ! 
I 
at each testing. I 
For group B, t here wa s a progr e ssive incr ease in the 
mean, with the greatest increa se coming between testings I 
and II. There was a decrease i n variability between test-
ing s I and II, but an increa se between testings II and III. 
I 
" 
60 
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At testing I, the mean of group A was higher than 
t he mean of group B, but at testing s II and II~ the re-
v e r s e wa s true. 
I 
I 
'I 
I' 
1/ 
I 
II 
I! ( 
I 
/l 
-I! 
I 
I 
I 
I 
School 
testine 
52-54 
49-51 
46-48 
4 3-45 
40-42 
37-39 
34-36 
31-33 
28-30 
25-27 
~ 22-24 
~ 19-21 
0 16-18 
C!.l 13-15 
10-12 
7-9 
4-6 
1-3 
0 
N 
S.D. 
Tii.BLE VII 
DISTRIBUTIONS OF SCORES ON TEST 
OF INC0Iv1PLETE ALGORIS MS 
I 
1 
2 
2 
1 
4 
3 
4 
1 
2 
2 
2 
2 
5 
4 
2 
4 
1 
1 
43 
22.98 
9.86 
A 
IJ. 
11 
4 
6 
2 
2 
7 
2 
3 
1 
3 
2 
1 
44 
41.75 
9.25 
III 
16 
7 
4 
6 
2 
1 
2 
2 
1 
41 
45.80 
9.14 
I 
1 
1 
2 
3 
1 
4 
7 
3 
2 
1 
3 
4 
4 
4 
1 
1 
42 
21.73 
13.65 
B 
II 
16 
8 
7 
4 
1 
1 
3 
1 
1 
42 
47.05 
8. 32 
III 
16 
9 
3 
2 
3 
2 
1 
1 
1 
38 
47.50 
7.71 
The me a ns of group A increa sed progressively at 
each testing, with the greatest increase coming between 
t esting s I and II. Furthermore, there was a progressive 
decrease i n v a riability o.f performance. 
The means of group B also i ncrea sed pro gressively 
at each testing, with the greatest incr ease coming between 
testings I and II. As with group A, there was a progres-
sive decrea se in v a riability. 
I 
II 
62 
-At t esting ~ the mean of' group A was higher than 
the mean of' group B , but at testing s II and II~ the re-
verse was true . 
1: 
\i 
6a 
- -1 
I' 
' 
School 
testing 
27-28 
25-26 
2 3-24 
21-2 2 
19-20 
17-18 
!1) 15-16 
Q) 1 3-14 
H 11-12 0 
C) 9-10 (/) 
7-8 
5-6 
3-4 
1-2 
0 
N 
Ivl 
S .D. 
'rABLE VIII 
DI STRI BUTIONS OF SCORES ON 
TEST OF 90 FACTS 
A 
I II 
2 12 
5 9 
2 7 
4 5 
3 3 
4 2 
4 4 
3 1 
3 
3 
3 1 
4 
3 
43 44 
14.51 23.02 
8.88 4.90 
III 
1 3 
9 
8 
2 
4 
2 
1 
1 
40 
23.93 
3.91 
I 
1 
4 
2 
4 
5 
6 
3 
4 
4 
3 
3 
3 
42 
11. 8 6 
6.16 
B 
II 
24 
8 
5 
4 
1 
42 
25.48 
3.85 
III 
18 
11 
5 
1 
1 
1 
1 
38 
25. 32 
3.42 II i! I 
For group A, t her e was a prog r e s s ive increa se in the li 
I! 
means at ea ch t esting , with the gr ea test incre a se co ming 
b e t ween te s tin g s I and I I. Va ria bility o f perforrr~nc e d e -
cr eased pro gr e s s ive ly a t e a ch t e sting. 
For group ~ t he mea n i n cr eased b e t we en 1estings I 
and II , and de cr e a s ed be t we en t e s tings I I a nd I I I. Fur -
t h ermore , t he r e wa s a prog r e s s ive d e cr ea se i n v a riabilit y . 
At t e s ting I, the mean of gro u p .n was highe r t han 
t he mean of group B , b ut a t t es tings II a nd I I I, t h e re -
v e r se vm s true. 
I 
I 
I! 
I 
I 
School 
testing 
32-33 
30- 31 
28-29 
26-27 
24-25 
22-2 3 
rJ) 20-21 
~ 18-19 g 16-17 
(/) 14-15 
N 
M 
12-13 
10-ll 
8-9 
6-7 
4-5 
2- 3 
0-1 
S.D. 
T.b.BLE IX 
DISTRIBUTIO NS OF SCORhS ON TEST 
OF UPPER DECADE FAC'rS 
I 
1 
1 
4 
1 
2 
1 
1 
2 
l 
5 
3 
6 
4' 
11 
43 
9.02 
8.91 
A 
II 
9 
12 
5 
3 
4 
2 
1 
2 
1 
2 
1 
1 
1 
44 
25.55 
8.22 
III 
10 
12 
6 
3 
2 
2 
3 
1 
1 
1 
41 
27.66 
5.82 
I 
1 
2 
1 
1 
3 
2 
2 
2 
2 
4 
3 
5 
14 
42 
7.21 
6.73 
B 
II 
12 
13 
7 
2 
2 
1 
4 
1 
42 
28.74 
4. 35 
III 
10 
8 
9 
3 
1 
3 
1 
2 
1 
38 
27.79 
5.49 
There wa s a pro gr e ssive i n cr ease in the mean of 
group A, with the greatest increase coming betwe en test-
ing s I and II. Furthermore, there was a progres s ive de-
crea se in va riability of performance. 
The mean of group B increased greatly betwe en test-
ing s I and II, but decr eased slightly betwe en testing s II 
and III. Variability decreas e d b e t we en t e stings I and II, 
and increased between t e stings II and III. 
lj 
li 
1\ 
I 
At testing ~ t h e mea n of A wa s higher than the mean 1; 
!I 
.. 
of B. However, t he revers e wa s true at testings II and IIJ;. 
I· 
I 
6 5 
School 
t e sting 
20 
19 
18 
17 
16 
15 
14 
13 
Ol 12 
~ 11 
0 10 ~ 9 
N 
S. D. 
8 
7 
6 
5 
4 
3 
2 
1 
0 
TABLE X 
DISTRIBUTIO NS OF SCORES ON 'r ES T 
OF COLUMN ADD ITION 
I 
9 
3 
4 
5 
2 
3 
3 
1 
1 
1 
2 
2 
1 
1 
2 
1 
1 
1 
43 
14.44 
5.00 
A 
II 
27 
7 
5 
1 
3 
1 
44 
19.09 
1.60 
III 
25 
12 
3 
1 
41 
19.46 
.90 
I 
6 
4 
4 
3 
3 
1 
1 
3 
1 
1 
2 
4 
2 
1 
2 
2 
1 
1 
42 
12.98 
5.96 
B 
II 
22 
17 
3 
42 
19.45 
.70 
III 
27 
8 
1 
2 
38 
19.58 
.75 
For g ro up A,th er e wa s a progr ess ive i ncr ease i n t h e I 
mean a t eac h t esting , vvith the gr ea t est i n cr eas e co mi ng 
betwe en t es tings I a nd II. Furth ermore, t here was a pro-
gr e s s ive de crea se i n v a riability of performance. 
I 
I 
(: 
Fo;r g:roup B, t h er e vms a progr e s s ive i n cr ea se in t h e j! 
me a n a t each t esting , with t h e gr ea t est i n cr ease coming 
be t ween t es tings I a nd II. Va riability decr eased betw·e en 
' 
'I 
I 
I 
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_I 
testing s I and II, and increased slightly between testing s 
II and III. 
At t es ting I, mean of group A was higher than the 
mean of group B , but at testings II and III, the reverse 
was true. 
II 68 
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TABLE XI I 
.I DISTRIBUTIONS OF SCOR ES ON TEST I 
OF TENS AND UNITS 
1: 
I 
School A B I testing I II III I II III 
17 2 19 22 
16 1 1 1 11 5 I 
!I 15 1 2 6 14 1 3 3 
13 3 2 2 4 
I 12 1 6 3 2 2 2 11 1 3 3 1 Ul 10 3 4 2 (!) 
H 9 1 2 2 1 1 0 
(.) 8 6 7 0') 7 2 4 5 2 1 
6 2 .7 1 1 1 
5 1 1 2 
4 4 1 2 
3 3 1 2 1 
2 1 3 1 
1 6 2 
0 22 2 4 24 
N 44 45 4I 41 42 39 
li11 3.I4 tL04 s.oo 3 .15 14.95 16.05 
S.D. 4.72 3.58 4.73 4.68 3.84 1.41 
For group A, the mean increa s ed between testings I 
and II, and decreased between testings II and III. Vari-
ability of performance decreased between testings I and II~ 
and increased between t e stings II &nd III. 
For group ~ there wa s a progressive increa se in the 
mean at each testing, with the greatest i n cr ease coming 
between testings I and II. Va riability of performance 
decr eased progressively. . 
ings 
and 
School 
testin~ 
1 
13 
12 
11 
10 
9 
fll 8 (!) 
H 7 
0 6 0 
(/) 5 
4 
3 
2 
1 
0 
N 
1~ 
S . D. 
TABLE XI I 
DISTRIBUTIONS OF SCORES ON TEST 
OF CO MPO NENT PARTS 
A B 
I II III I II 
8 7 1 8 
3 4 3 11 
1 6 3 1 10 
1 9 9 5 6 
3 3 3 5 5 
4 5 6 7 
7 5 3 4 1 
8 2 3 6 
2 1 2 5 
1 2 2 
3 1 1 
3 
3 1 
1 1 2 
3 2 
43 44 41 42 42 
6.63 10.'70 10.3:2 '7.5:2 11.98 
3 .51 2.69 2.6:2 3 .23 1.86 
III 
9 
12 
6 
3 
3 
---
2 
1 
1 
1 
38 
11.92 
2.:29 
The mean of group A increased greatly between test-
I and II , but decreased slightly between testings II 
III. Furthermore , v a riability decreased progressively 
at each testing. 
The mean of group B also increased great l y between 
testings I and II, while it decreased between testings II 
and III. Variability decreased from I to II and increased 
from II to III. 
The means of group B were higher than the means of 
gr oup A at each testing. 
li 
69 
I 
II 
[! 
I' 
lj 
I 
I! 
I 
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TABLE XIII 
DISTRIBUTIO NS OF SCORES ON TEST 
OF ORAL PROBLEMS 
School A B 
testing I II III I II III 
9 2 1 28 14 
8 4 3 1 6 7 
7 1 5 1 5 5 8 
6 1 5 6 3 2 
a) 5 11 13 9 2 2 3 
(!) 4 1 3 8 10 12 1 3 H 3 6 4 9 9 0 
() 2 4 3 2 5 1 rf.l 
1 4 4 
0 2 1 
N 43 44 41 42 42 38 
M 3.58 5.23 4 .68 3.81 8. 31 Pl.34 
S.D. 1.57 1.79 1.67 1.92 1.22 1.82 
For group A,the mean increa sed between testings I 
and II, and decrea sed be t ween testings II and III. Vari-
ability i n creas ed from I to II, and decreased fro m II to 
III. 
The mean of group B increa sed grea tly betwe en test-
i ngs I and II, and decreased slightly between t e stines II 
a nd III. v a riability of performance decr eased from I to 
II, and incr eased from II to III. 
At each testing , the mean of group B was higher 
than the mean of g roup A. 
I 
I 
I 7( 
\\ 
~ 
I 
\; 
I' 
1: 
jl 
' i 
j! 
II 
I 
School 
testing 
lO 
9 
8 
02 7 
<D 6 s:. 
0 5 
C) 4 Cl) 
3 
2 
1 
0 
N 
M 
S.D. 
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TABLE XIV 
DISTRIBUTIO NS OF SCOR ES ON TEST 
OF WRITTEN PROBLEMS 
A B 
I II I.LI I II III 
9 5 I 30 17 
8 3 2 4 6 
1 2 8 3 3 6 
8 8 4 3 1 3 
6 4 6 6 3 1 
1 6 6 2 2 
4 2 5 8 1 
4 2 3 4 
10 2 1 8 1 
3 4 2 
6 1 
43 43 41 42 42 38 
3.63 '7.12 6.49 4.36 9.21 8.39 
2.53 2. 36 2.15 2.52 1.65 2.07 
I=-- .=: ---
1: 
I 
I 
I 
For group ~ the mean increased between testings I I 
I 
and II, and decreased slightly between testings II and III. I 
There was a progressive decrease in v a riability of performl l 
ance . 
For group ~ the mean increased greatly between test 
ings I and II, and decreased between testings II and III. 
Variability decreased between testings I and II and in-
creased between testings II and III . 
The mean of group B was h igher than the mean of 
group A at each testing. 
I, 
'rABLE XV 
~=mMNIARY OF' T\ S'r S OF' ST1 ~T IS'ElC 1~L S IGl-~ IFIC .n.NC 3 FOR DIFP:2.R 1~N C J~S BETWEEN IVIEANS 
Ability 
Group 
Re cogn ition 
Seria l 
Or der 
Ordinals 
Se mi-Abstract 
Basic Facts 
110 Basic 
Facts 
Incomplete 
Al gor isms 
Test-
ing 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
Mean 
Group Group 
A B 
14 . 28 
16.14 
16.78 
16.11 
18.82 
18.80 
9.19 
9.45 
9.29 
3.28 
4.27 
5~90 
83~02 
94.68 
96.02 
22.98 
41.75 
45.80 
1 3 . 36 
19.70 
1 9 . 50 
14.00 
19.98 
20.34 
9.07 
9.81 
9.68 
2.86 
10.76 
8.55 
66.62 
95.8 3 
96.32 
21.73 
4'7.05 
47.50 
-l~s i gn2f1cant (betw e en 5%-1%} 
Differ-
ence 
between 
Means 
. 92( A) 
3 . 56(B) 
2.72 ( B ) 
2 .ll( ii) 
1.16(B) 
1. 54(B) 
.12( A) 
• 36 (B) 
• 39 (B) 
. 42( A) 
6.49(B) 
2.65(B) 
l6.40(A) 
l.l5(B) 
• 30 (B) 
1.25( A) 
5.30(B) 
l.70(B) 
-:-r-~:-hi ghly significant (less than 1%) 
S. E. 
diff. 
. 96 
. 62 
.59 
1.53 
.25 
• 63 
.33 
.18 
.23 
.49 
.45 
~58 
3.99 
.97 
1.00 
2.61 
1.92 
1.93 
t 
.96 
5.74 
4 .60 
1.38 
4.68 
2.45 
• 34 
2.00 
1.'70 
.86 
14.42 
4.57 
4.11 
1.19 
.30 
.48 
2.'76 
.88 
d.f. 
83 
83 
77 
82 
85 
'77 
81 
82 
7'7 
83 
84 
'77 
83 
84 
'77 
83 
84 
7'7 
Lev e l of 
S i gn ificanc e 
b e t ween 40% a nd 30% 
less tha n .1% ** 
less th~ n 1 ~ & g C4. • /0 I' 1\ 
II. 
Jl 
I 
betwe en 20% and 10% 1 
less than .1% -lH~ 
betwe en 2 ~{ and 1% * 1 
between so% and 70% 
between 5% and 2% * 
betwe en 10% and 5% 
betwe en 40% and 30% 
less than .1% ** 
less than .1% *~· 
less than .1% -- ~H~ I. 
between 30% and 20% 
between 80% and 70% 
between 70%-and 60% 
1 ess than .1% -lH~ 1 
betwe en 40% and 30% 
---t 
... _J 
N 
TABLE XV (continued) 
~ (" -. 
"""' 
II 
'I 
i! 7~ 
,: 
-r 
Recognition of Number Groups 
j! 
I. At the outset of the experiment there was no 
significant difference between groups A and B in their 
ability to recognize number patterns ( t - • 96 when d - • 92 j! 
although the observed difference favored group A. 
II. After the period of systematic instruction, 
there was a highly significant difference in f a vor of Jl 
group B ( t = 5.74 when d = 3.56). 
III. After the su~mer vacation, there remained a 
highly sign ificant difference in favor of group B (t -
when d - 2.72). 
Serial Order 
I 4.60 I 
I. At the beginning of the study, there was no sig 
nificant difference between groups A and B in their knowl-
edge of the serial ord er of numbers ( t - l. 38 when d • 2 Jl.)"
1 
a lthough the observed difference favored group A. 
II. After the period of systematic instruction, 
there was a highly significant difference in favor of 
group B (t = 4.68 when d = 1.16). 
III. After the summer v a cation, there rema ined a 
nificant difference in favor of group B (t = 2.45 when 
d = l. 54). 
Ordinals 
I 
. II Slg-)j 
I 
I. At the beginning of the experiment, t h ere was 
no sign ificant difference between groups A and B in their 
! 
1--
ability to identify correct ordinal position (t •• 34 when 
d = .12). The observed difference favored group A. 
I 
I! 
I' 
... I 
II. After the instructional period, there was a sig ~r 
I; 
n ificant difference favoring group B (t • 2.00 when d • 11 
• 36) • i 
III. After the summer vac a tion, no significant dif- I! 
i 
ference remained b etween t h e two groups (t = 1.7 when d = 
.39), although the observed difference favored group B. 
Semi-Abstract Basic Facts 
I. At the first t e sting, ther e was no significant 
difference between groups A and B in their ability to 
solve algorisms containing words (t •• 86 when d •• 42). 
The observed difference favored group A. 
II. At the second testing, after the instructional 
p eriod, there was a h i ghly significant difference in favor 
of group B (t = 14.42 when d = 6.49). 
III. At the testing which followed the summer vaca-
t ion, there re r:11a ined a h ighly significant difference in 
favor of group B (t • 4.57 when d. 2.65). 
110 Basic Facts 
I. At the outset of the experiment, a highly sig-
nificant diff er ence existed b e t ween groups A and B in thei 
mastery of the basic number facts (t - 4.11 when d • 16.40~ 
This difference favored group A. 
I 
!\ 
I' 
~I 
,, 
,. 
'I I~ 
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II. After the period of systematic instruction, 
there was no significant difference between the groups 
(t · = 1.19 when d = 1.15). This observed differ ence, .h ow-
ever, favored group B, s h owi ng t hat this group gained more 
between the first and second testing. 
III. After t he surr~er vacation, there r emained n o 
significant difference between groups A and B (t = .30 whe ! 
d = . 30), a lthough the observed difference still f a vored 
group B. 
Miss ing Addends 
I. In the beginning of the investiga tion, no sig-
n ificant difference was observed b e t ween groups A and B in 
the ability to provide missing parts of algorisms contain-
ing b a sic facts (t = .48 when d = 1.25). The difference 
n oted was i n favor of Group A. 
II. A highly significant difference was found in 
favor of group B after t h e period of instruction (t • 2.76 
whe n d = 5 • 30 ) • 
III. At the third t es ting , the difference betwe en 
the two groups wa s not significant, (t •• 88 when d -
1.70}, although t he observed difference f a vored group B. 
Sampling of 90 Facts 
I. At the sta rt of t h e experiment, t h ere was n o 
significant difference b et ween gro ups A and B in their 
ability in this area (t = 1.56 when d = 2.65), a lthough 
? 6 
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-the observed d iff erence favored group A. 
II. At the s econd testing , after the i n structiona l 
per iod, t he re was a significa n t difference i n f a vor of 
group B (t • 2.56 when d = 2.46). 
III. After t h e summer r e cess, t here was no signifi-
cant differ ence b e t ween the groups (t • 1.65 when d -
1. 39 ), although the observed difference favored group B. 
Upper Decade Facts 
I. At the b eginn i~'1g of the study, there was no sig 
nificant diff er ence b e tween groups A and B (t = 1.04 when 
d. 1.81), although the observed difference favored group 
A. 
II. After the period of systematic instruction, 
there was a significant difference in favor of group B 
(t - 2.20 when d - 3.19). 
III. After the summer vaca tion, ther e was no signifi 
cant difference between groups A and B (t = .10 when d = 
.13). Th is slight differ e nce favored group B, however. 
Colunm Addition 
I. At the outset of the inves~igation, there was 
no significan t difference betwe en groups A and B (t .. 1.21 
when d • 1.46), although the observed difference favored 
group A. 
II. After t h e period of instruction, there again 
was no significant differ ence in this area for groups A 
·I I, 
I; 
I. II 
il 
II 
? 7 
and B (t = 1. 33 when d = .36). However, this observed dif-
ference now f a vored group B. 
III. After the summer recess there was still less 
difference between groups A and B (t = .6 3 when d = .12), 
a lthoug h the observed difference again favored group B. 
Tens and Units 
I. At the first testing, there wa s no significant 
difference between groups A and B (t = .01 when d = .01). 
This slight observed differen ce could hardly be considered , 
to favor either group. 
I I. After instruction h ad t aken place, there was a 
h i ghly significant difference f a voring group B (t • 8.63 
when d • 6. 91 ) • 
III. At the third t es ting , after t he summer vacation, 
there rema ined a h i ghly significant difference in favor of 1 
. I 
group B ( t ; 9.94 when d = 8.05). 
Component Parts 
I. At the beg i nn ing of the study t he re was no si g -
n ificant difference between groups A and B in their abilit 
to r ecognize component parts of numbers (t = . 31 when d = 
. 89 ). The observed difference was in f a vor of group B, 
however. 
II. Aft e r the period of instruction, a significant 
difference ex isted in f a vor of group B (t = 2 .51 when d = 
1. 28) • 
I 
.I 
II 
,/ 
I 
I 
I 
I 
III. Aft er the sumner v a c a tion, t here was a highly 
s i gnificant d iffe r enc e i n f a vor of group B (t = 9.94 when 
d ... 8 . 05). 
Ora l Problems 
I. At t h e outs e t of t h e ex periment, t here was no 
significant difference b e t ween groups A and B i n t h eir 
a bility to solve ora l problems (t = .61 when d = . 23 ), a l-
though the observed dif f ere nc e wa s i n f a vor of group B. 
II. Fo l lowing the period of i nstruction , t he re was 
a h i ghl y significa nt differ ence in f a vor of group B 
(t = 2 .91 when d = 3 .08). 
I I I. After the va c a tion period, t h ere re mained a 
h i ghl y sign ificant differ ence i n f a vor of group B, which 
made i n cr easing ga i n s a t ea c h t esting (t = 6.82 when d = 
2 . 66 ). 
T/r it t e n Probl ems 
'I 
I. At t h e b eg i nni ng of the study, t her e wa s n o sig -
1 
n ificant d i f fer ence b e twe en gro ups A a n d B i n t h eir ability 1 
to solve written problems (t = 1. 33 when d = .73 ). Th e 
ob s erved dif ference f a vored group B, howev er. 
II. Aft e r t he instructiona l perio d , the re wa s a 
h i ghl y significant d i f f er enc e f a voring group B, (t ... 4.60 
when d = 2 .09 ). II 
III. Aft er t h e summer v a c at ion, a highly significant I 
\i 
I 
?9 
differenc e remained i n favor of group B (t = 3.96 when 
d = 1. 90). 
CO NCLUS ION 
After compa ring groups A and B on each f a ctor that 
was t es ted, a nd noting the differences at each testing 
period, c ertain general i ndications will be observed when 
Table XV is regarded as a g eneral picture of the entire 
study. 
For the first nine factors listed on t he table, t h e 
cha r a cteristics of t h e records are very similar. In each 
c ase , group A surpa ssed group B at t he first testing, in-
dica ting that t hey brough t more knowledge of the se factors 
with them fro m first gr ade. Th is is a very log ical con-
clusion, after considering the first grade ba ckgroun d of 
each group. The on l y f a ctor where this differen ce is sig -
n i fican t at Testing I is t h e 110 Basic Fa cts. Th is wo u ld 
furth er i ndicate t ha t while group B explored t he structure 
of t he numbers fro m 1-10 in grade one, they did not yet 
know t he facts developing fro m t hat structure at the start 
of gr ade two. At t estings II and III, while no signifi-
cant difference is observed, t he differen ce now favors 
group B, showing a substa ntia l ga in i n ability to respond 
to t he basic f a cts. 
In a ll of t hese n i ne factors, the differences a t 
80 
I 
I 
testing s I and II: favor group B, with greater gains coming 
between testing I and II. In seven of the nine factors, 
excluding column addition and the 110 basic facts, the dif 
feren ce i n favor of group B at t es ting II is significant. 
The re r~ ining four f a ctors--Tens and Units, Com-
ponent Parts, Ora l and Written Problems--might be con-
sidered factors which require m1derstanding of the number 
system and app lic a tion of conce pts in problem situatioqs, 
rather than mastery of the number facts. In these four 
I 
r 
I 
I 
I a r eas , group B surpassed group A a t every testing, 'Nith 
highly significant differences occurring at testings II and I 
III except at t es ting II in Component Parts, where the dif- 1 
ference was significant but not highly so. 
These results cannot be regarded as conclusive in 
any s ense because of the size and nature of the groups 
studied and the limitations apparent in any exploratory in- · 
..... . t. H •t . f . to assume that there are r, ves ~.,1 ga 1on. owever, 1 1s a 1r 
strong indications that the Structural Arithmetic Program 
wa s the more effective one with these two groups of chil-
dren. The Catherine Stern method and ma t erials appeared 
to prod uce the most noticeable differences in problem 
solving ability, and in understand ing the conce p t of tens 
and units and the component parts of number groups. 
8:1_ 
I 
.I 
CHAPTER V 
CRITIC I SIVJS AND SUGGESTIONS 
FOR FURTHER STUDY 
The precedine c hapter presented a n interpreta tion 
II 
!I ,, 
!! 
i' 
.: 
·~1- .. - - -- ~ 
•j 
I 
il 
i: 
'· 
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of the r esults of this study. The first part of this chap-~j 
ter will present the limita tions that have b ecome apparent i! 
to the writer as the experiment developed to its conclu-
sion. Finally, suggestions for further study are outlined 
in t he hope that this study has · fulfilled its purpose--thatj: 
of i n ter es ting others in t h is field of investigation. J 
The first limita tion, which must be remembered in i·: 
considering· any part of this study, is that t h is is an 1\ 
'I 
initial i nv e stiga tion. As such, the study has certa in un-
a voidable weaknesses , bec a use in part t he re wa s no model to 
follow or improve upon, no compar ison to make with other 
endeavors. There was no suitable test to use, and one was 
constructed. It is difficult to construct a g ood test, and : 
the writer feels t ha t t h is test could be greatly i mpr oved. I 
Be c a use of the wide v a rie t y of factors which were tested, I 
each part of t h e test was limited i n size. Perhaps the 
most ade quate s ampling appeared i n the test of basic num-
ber f a cts, which conta i ned ninety-nine ex amples. The n um-
ber of ora l and written problems wa s s mall, as was t he 
n u mber of examples in the tens and units t est. The de gree 
I' 
.I 
to which the tests of incomplete algorisms and component 
I 
parts measured understanding of component parts, reversals, ! 
and other number-family relationships is highly debatable. 
It is certainly possible that a pattern could be followed 
by a child able to r ecognize and apply it. 
In this study, g roups A and B could be ma tched only 
in a general way, where average intelligence and chronolog...J 
ical age were the most limiting controls. More careful 
matching could be done with a larger number of children. 
There are certain aspects of the number background of each 
group whicrt were dissimilar. Group B, because of a less 
comprehensive number program in grade one, had much more 
than the second course of Structural Arithmetic to cover i 
g rade two, making it difficult to fairly judge the pro-
g ram's ef f e ctiveness. Since one can only assume to know 
social and economic b a cl{ground, there may have been unknow 
v a riants in this area which could affect the results of th 
study. 
While certain limitations were imposed on the in-
structional program, n one could be i mpos ed on the most im-
portant factor, the teacher. However, the programs dif-
fered in some respects beyond the limits which were ob-
served. Group A used ability groupings throughout the 
year, while group B us ed a whole-class demonstration 
me thod the latter half of the year. Structural 11.rithmetic 
= 
I 
t! 
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is designed for experimenting with small groups of chil-
dren . This method was not always feasible with group B 
because of the existing conditions. 
Finally , the varying number of children, at--and I! 
I 
within each testing period, made it more difficult, in somel! 
J, 
c ases , to i nterpret test results. 
,; 
SUGGESTIO NS FOR FURTilliR STUDY 
The n eed for more study in this area has been men-
tioned earlier i n this inv estigation. In general, any of 
the f a ctors us ed here for comparison could be used sing ly 
or i n va rious comb i na tions in a similar ex periment. Each 
additional study, r egardless of its siz e , will make pos -
s ibl e more con clusive sta tements a bout the effe ctiveness 
Structural Arithmetic. .£1Jvery phase of the program needs to 
be explored, leaving a wide variety of selection available 
to one i n ter es ted i n ca rrying on such research. 
Howev er, certa in s pec if ic suggest ions, whic h have 
occur red to the writer as an outg rowth of this experience, 
are list ed here a s possible areas of furt h er study: 
1. A study could be done a t t h e first gr a de level. 
2 . A study with second gra de c h ildren who have had 
a more simila r b a c kground in grade one could be 
conducted. 
3. There could be a more concentrated study of 
II 
problem solving, perhaps noting t he different 
a pproaches, such as v a ried algorisms, which 
might b e us ed i n each group; the t h ought pa t-
t erns used in each group when solving prob lems 
could also be recorded and int er pr e ted. 
4. A s tudy of fewer f a ctors could be done i n more 
deta il. 
5. A s t udy could be carr i ed on i n which b oth 
groups u s ed s ma ll-group instruction met h ods. 
I 
ii 
II 
I' 
i ,, 
I 
6. Ther e could b e an i nves tigation of the compar a - ' 
tive effectivene ss of Structura l Arithmetic whe~ 1 
1: 
ll 
I 
us ed wi t h groups having h i gh, a v erage, or low 
intelligence. 
7. A further investiga tion mi ght s how through item 
analysis certa in aspects of group reco gnition. 
For example, d o c h ildren using S tructura l Arith-
metic patt ern boards recognize domi n o patterns 
equally we ll ? 
8 . A s t udy on ordina ls would need a b e tter t es t 
9 . 
t han t he one used in t h is study . (The ordinals 1 
I 
t es t in t h is study was done so we ll at t h e first ! 
t es ting , t here was little roo m for i mprovement.) I 
A study could be conducted a t t he b egi nni ng of lj I grade one to d e termine the eff e ctiveness of 
Experimentine; with JTu mb ers, used i n the k ind er- 1; 
I 
gar t en. 
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